ABSTRACT l,2-Dihydro-l-magnesacyclobuta[a]naphthalene (4), a mixed benzylic/aromatic diorganylmagnesium reagent, was prepared from the corresponding dihalide and magnesium in THF, followed by removal of MgBrCl with 1,4-dioxane. It is the first example of its kind which is soluble in THF and was shown (UV, NMR, degree of association) to establish an equilibrium between a highly polar oligomer 4a and a less highly associated and more conventional diorganylmagnesium 4b. INTRODUCTION 1,2-Dihydro-l-magnesacyclobutabenzene (la) is a mixed benzylic/aromatic diorganylmagnesium reagent (Scheme 1) which has proven to be of value as a synthon for the preparation of organometallic heterocyclic derivatives [1] [2] [3] [4] [5] [6] [7] [8] [9] . Presumably, it has an oligomeric or polymeric structure, as it is rather poorly soluble; even in THF, which normally is a powerful solvent for organomagnesium compounds, the solubility is only about 0.0016 M. On one hand, this property is convenient if one wishes to obtain pure la, because on preparation from the corresponding dihalide 2a and magnesium, the primarily formed di-Grignard reagent 3a undergoes the Schlenck equilibrium with la from which the latter precipitates in pure form. On the other hand, the lack of solubility of la has so far mitigated attempts to obtain information about its structure.
INTRODUCTION
1,2-Dihydro-l-magnesacyclobutabenzene (la) is a mixed benzylic/aromatic diorganylmagnesium reagent (Scheme 1) which has proven to be of value as a synthon for the preparation of organometallic heterocyclic derivatives [1] [2] [3] [4] [5] [6] [7] [8] [9] . Presumably, it has an oligomeric or polymeric structure, as it is rather poorly soluble; even in THF, which normally is a powerful solvent for organomagnesium compounds, the solubility is only about 0.0016 M. On one hand, this property is convenient if one wishes to obtain pure la, because on preparation from the corresponding dihalide 2a and magnesium, the primarily formed di-Grignard reagent 3a undergoes the Schlenck equilibrium with la from which the latter precipitates in pure form. On the other hand, the lack of solubility of la has so far mitigated attempts to obtain information about its structure. A conceivable strategy to enhance the solubility is the introduction of bulkier groups which might act not only by increasing the lipophilicity of the reagent, but also by counteracting association. For this purpose, we had previously introduced the trimethylsilyl group as in the dihalide 2b [10] . The solubility of the resulting organomagnesium species was indeed increased. Still, this approach was not useful for structural investigations for the following reason: in the reaction of 2b with magnesium, a 1 : 1 mixture of the desired di-Grignard reagent 3b and of its rearranged isomer 3b' was formed. While the formation of 3b' was of considerable mechanistic interest as it proceeds via a carbanionic intermediate [10] , 3b could not be obtained pure, and hence the corresponding diorganylmagnesium lb was not accessible by this route. We therefore made another attempt to increase the solubility by replacing the benzene moiety of la by the bulkier naphthalene system of 4 (Scheme 2).
EXPERIMENTAL

General
All manipulations involving organometallic compounds were carried out in fully sealed glassware using standard high vacuum techniques. Solvents were dried by distillation from liquid Na/K alloy after predrying on NaOH. Magnesium was sublimed twice before use. 1 -Bromo-2-methylnaphthalene (Aldrich) and Λ'-bromosuccinimide (NBS, from ACROS) were commercially available. NMR spectra were measured on a Bruker AC 200 spectrometer ('H NMR: 200 MHz; 13 C NMR: 50.3 MHz) and on a Bruker MSL 400 spectrometer ('H NMR: 400.1 MHz; 13 C NMR: 100.6 MHz); the assignments are based on NOE difference and 2D measurements. GCMS analyses were performed on a HP 5890 GC/ 5970 MS combination, operating at 70 eV and equipped with a Chrompack BP1 (QSGE) 50 mJ 0.25 mm column. HRMS measurements were performed on a Finnigan MAT 90 mass spectrometer under EI conditions. UV/VIS spectra were recorded on a Beckman DU-64 spectrophotometer. l-Bromo-2-chloromethylnaphthalene (5) The synthesis of 5 was performed in analogy to that reported for 2a [11] . l-Bromo-2-bromomethylnaphthalene was prepared by light induced radical bromination of l-bromo-2-methylnaphthalene with 1.1 equiv. of NBS in refluxing CC1 4 and subsequently derivatized by heating under reflux with CaC0 3 in a mixture of 1,4-dioxane/H 2 0 to give l-bromo-2-(hydroxymethyl)naphthalene. A mixture of l-bromo-2-(hydroxymethyl)naphthalene (1.69 g, 6.6 mmol), (Bu 4 N)Br (0.21 g, 0.66 mmol) and HCl (37%, 33 mL) was heated under reflux for 2 days. The resulting mixture was extracted twice with diethyl ether, dried over MgS0 4 and evaporated to dryness. Crystallization from «-hexane at -20 °C gave pure 5 as colorless needles. Yield: 1.43 g (5.6 mmol, 85% [12] , THF was continuously distilled from a stirred suspension of magnesium (1.08 g, 45 mmol) in THF (140 mL) onto 5 (2.27 g, 8.88 mmol, kept at 5 °C) while simultaneously, the solution of 5 thus formed was stirred and allowed to slowly flow back to the magnesium suspension. Thus, a brownish/yellow solution was obtained after 4 weeks. After adding 8 mL of 1,4-dioxane to the solution, a precipitate (MgBrCl dioxane complex) was formed. After stirring for 1 day at room temperature and settling of the precipitate, the resulting yellow-brownish supernatant was carefully decanted. An aliquot (5.93 mL) showed the presence of 0.521 mmol of OH" and 0.272 mmol of Mg 2+ after hydrolysis and titration [13] (7)), 118.1 (d, 1 7(C,H) = 157.5 Hz, C(6)), 32.8 (t, 7(C,H) = 121.0 Hz, C(2)).
Dilution experiment
In a sealed glas apparatus [13] , a solution of 4 (0.019 mmol) in THF (0.5 mL) was diluted with 95 mL of THF which had been distilled from EtMgBr-solution jn order to exclude traces of water. Immediately, the color changed from yellow to colorless. The solution was deuterolyzed and worked up as usual. The organic fractions were examined with GCMS which revealed the presence of 2-methyinaphthalene (7) without deuterium incorporation. 
RESULTS AND DISCUSSION
Compound 4 was prepared by very slow addition of the corresponding dihalide 5, which was obtained from 1 -bromo-2-methylnaphthalene by the procedure described for the synthesis of 2a from o-bromotoluene [11] , to a stirred solution of magnesium in THF at 5 °C (Scheme 2). After 4 weeks, a brownish-yellow solution was obtained to which 1,4-dioxane was added. Immediately, a slightly yellow precipitate was formed which, after isolation, was shown by titration [13] to be MgBrCl. Titration of an aliquot of the resulting THF solution [13] It turned out that 4 was moderately soluble in THF and toluene and hence the Η NMR spectrum of 4 was recorded in THF-t/ 8 solution. Three signals in the benzylic region were observed, one singlet at δ = 1.97 ppm and two doublets at δ = 2.72 ppm and δ =3.13 ppm (Table 1) , the latter two forming an AB system with 2 J(HH) = 5.6 Hz. This indicated that two isomers of 4 were present in solution. Up till now, the identity of these isomers is not completely certain, but for the convenience of the discussion, and based on arguments to be presented below, we tentatively assign the oligomeric structures 4a and 4b to them (Scheme 3). Characteristic differences distinguish the NMR spectra of the two compounds and support the assignment of a rather polar structure to 4a, whereas 4b shows features of a conventional organomagnesium reagent with a more covalent character of the carbon-magnesium bonds. The fact that the signal of the benzylic protons of 4a has an AB pattern indicates that the structure must possess an unsymmetrical environment for these protons, and in addition, it must be quite rigid as otherwise, time averaging would make them equivalent as is normally observed for organomagnesium reagents which rapidly exchange bonds between magnesium, carbon, and other ligands [14] . Their rather small AB coupling (V(HH) = 5.6 Hz) is reminiscent of that of a vinylidene unit R 2 C=CH 2 , the 2 J(HH) of which usually is even smaller (about 2.5 Hz). This interpretation is supported by the './(CH) coupling constant of 126.7 Hz for the benzylic methylene group which is indicative of sp 195 hybridization. It falls in between that of the methylene groups of dibenzylmagnesium [15] (118.6 Hz; sp 3 ' 22 ) and of benzyllithium [16] (134.0 Hz; sp 2 73 ). The latter is known to exhibit considerable ionic character; the limiting value for a (nearly) fully ionic species is that for benzylpotassium [16] (153 Hz; sp 2 21 ). These values suggest that in 4a, the benzylic carbon uses much p-character for its -strongly ionic -bond to magnesium, so that a relatively high degree of s-character remains for its bonds to hydrogen; this results in a clear tendency toward sp 2 -hybridization. In contrast, the spectroscopic data of the second isomer are in line with a normal organomagnesium structure as expressed in 4b. The small 2 ./(CH) coupling constant of 121.0 Hz (sp 3li ) for the benzylic methylene group signals that this carbon invests more s-character in its bond to carbon leaving more p-character for the carbon-hydrogen bond; in fact, the situation is nearly identical with that in dibenzylmagnesium (vide supra). Note, however, that from 'j(' 3 C 6 Li) couplings, it has been concluded that there is a certain amount of covalent character in the carbon-lithium bond of benzyllithium, making it "a missing link in a continuum of C-Li covalency" between monomeric and solvent separated organolithium compounds [17] ; similarly, X-ray crystal structures show that in benzyllithium and several of its derivatives, the lithium is bonded to a more or less pyramidal benzylic carbon atom [18, 19] .
Additional support for a relatively polar structure such as 4a came from the color of 4: it is yellow both in the solid form and in solution; this is unusual for a compound with a benzylic organomagnesium function. In very dilute solutions, 4b predominates (vide infra), and it is colorless like dibenzylmagnesium; in THF solution, the UV absorption maximum of dibenzylmagnesium is at 277 nm [20] . However, in HMPT solution, dibenzylmagnesium becomes red, possibly due to the (partial) formation of solvent separated ion pairs [21] . Benzyllithium has a certain amount of ionic character and in THF is yellow with an absorption maximum at 330 nm [22, 23] , while those of the heavier and more polar benzylalkali derivatives are increasingly shifted towards longer wavelengths: Na (352 nm) < Κ (362 nm) < Cs (368 nm) [23] . Not surprisingly, 2-naphthylmethyllithium has its absorption maxima (in THF: 373 nm, 500 nm) at even longer wave lengths [24] ,We therefore measured the UV-VIS spectrum of 4 in THF solution and observed a maximum at 421 nm, strongly suggesting a highly polar, though probably not fully ionic structure. Still uncertain is the degree of association of 4a and 4b, i.e. the value of the numbers η and m in Scheme 3. Apparently, the two isomers are connected by an equilibrium. This equilibrium is shifted toward 4a when the solution is evaporated; the resulting crystalline material is yellow, and so is initially the solution in THF. On dissolving solid 4 in THF, the equilibrium shifts back towards 4b; this change is slow and takes several days for completion, and 4b is more favored in dilute solution as indicated by *H NMR spectroscopy (Table 2) , whereas in 1,4-dioxane, 4a is favored in a nearly time-independent ratio of 9 : 1. A complicating factor stems from the observation that in contrast to normal organomagnesium reagents, solutions of 4 in THF are not indefinitely stable. This follows from the data of Table 2 : considerable amounts of the "hydrolysis" products 7 and bis(2-methyl-l-naphthyl)magnesium (9; Scheme 4) were observed; 9 was identified by the chemical shift of its methyl group at δ = 2.60 being identical with that of an authentic sample. Especially for 7, this happens mainly in the initial phase of the measurement, probably largely by reaction with Si-OH groups at the glass wall. This interpretation is supported by the observation that in contrast to the relative amount of 7, its absolute amount at the three concentrations investigated is nearly constant; this is expected because the number of Si-OH groups in an NMR tube will be approximately constant and will react rapidly after introduction of the solution of 4. Moreover, Si-OH groups are relatively acidic and therefore, they will not strongly discriminate between the organomagnesium functionalities at the benzyl and at the aryl position; they will completely protonate any molecule of 4 which comes close enough to the glass wall. However, there seems to be another process which leads to only partial protonation of 4. We propose that this is due to 4a which apparently has an unexpectedly high carbanion-like reactivity at the benzylic functionality leading to selective proton abstraction from THF under formation of 9. This process continues during the entire period of the NMR measurements. In this context, it should be pointed out that 2-naphthylmethyllithium, too, has been reported to be particularly reactive in THF solution [24] , Thus in 4a, the normally more stable benzylic organomagnesium functionality is even more reactive than its arylmagnesium function! In contrast, 4b behaves like a normal organomagnesium reagent: it is stable in THF solution. While the data of Table 2 indicate the slow establishment of an equilibrium between 4a, which is predominant in the solid state and in 1,4-dioxane, and the "normal" stable diorganylmagnesium 4b, it is difficult to derive reliable equilibrium constants and aggregation numbers because of the presence of impurities. If one attempts to account for these impurities, which generally are monomeric, an equally best fit is obtained both for the combinations η = 6 with m = 3 and for η = 8 with m = 4 (Scheme 3), i.e. a hexamer/trimer or an octamer/tetramer equilibrium 4a/4b, respectively, according to equation (1) . While Κ is not really constant with a ratio of 1 : 8 for the Κ values at high (0.1 M) and at low concentrations (0. 027 M), all other combinations of η and m lead to much greater deviations in Κ of at least 1 : 90. To a certain extent, one may consider 10 (Scheme 4) as a bisbenzylic analogue of 4b, and indeed, 10 is trimeric in the crystalline state [25] . On the other hand, the central ring in 10 is fifteen-membered; this will reduce strain due to intramolecular crowding as compared to a twelve-membered ring in trimeric 4b. A potentially closer model for 4b is therefore 1,8-naphthalenediylmagnesium (II) because it is also a 1,3-dimagnesium species; it has been shown to occur as a stable tetramer without any tendency to change its state of aggregation in THF solution, and it is also tetrameric in the crystalline state [26] . The same tetrameric aggregation was also found for two related 1,2-diorganylmagnesium compounds [26] . In contrast, for a hexamer/tetramer equilibrium, the equilibrium "constant" Κ varies by a factor of 90, so that this possibilty would appear to be less likely.
On the other hand, in an attempt to shed more light on this matter, we performed measurements of the molecular weight by determining the rate of isothermal distillation [27] , a method which has proven to be of great value in organomagnesium chemistry [26, 28] . The measurements were performed at a concentration of 0.01 Μ of 4 in THF. Again, the impurities present in 4 and the long measuring times of several days do not allow to draw firm, quantitative conclusions. Nevertheless, the overall degree of association i for 4 (after correction for known impurities), was found to be i = 5.8 for the first measurement which was performed after 6 hours when the solution contained approximately 93 % of 4a. After 153 to 216 hours, when equilibrium had been reached, the value i = 3 was found; at this concentration, mainly 4b is present (cf. Table 2 ). These results indicate that a hexamer/trimer equilibrium is the lower limit, but in view of the impurities which tend to decrease the average molecular weight, an octamer/tetramer equilibrium seems more likely. Another unexpected observation was made while measuring NOE spectra. Spin saturation transfer was observed from 4a to 4b, but not vice versa. This effect was particularly strong for the two different benzylic protons of 4a and the benzylic methylene group of 4b, and for the proton at position 8 (see Scheme 2) . While the results presented in Table 2 clearly demonstrate that the establishment of the equilibrium between 4a and 4b takes hours or even days, there must obviously be another mechanism which facilitates rapid exchange of equivalent protons between the two species without effecting the equilibrium. It is at present unclear how this occurs; reversible and nonproductive exchange of monomeric units CnHgMg between 4a and 4b might explain this phenomenon. Furthermore, the NOE experiments gave indications of the crowded three-dimensional structure of both oligomers. Besides expected NOE effects between protons which are close in the monomeric unit (4a: 2a«-»2b, 2a*-»3, 3**4, 7«-8; 4b: 2«-»3, 5«-»6,7«-»8), there were also effects between non-neighboring positions (4a: 3 «-»8 [strong], 4«-»8 [weaker]; 4b: 2«-*4 [weak]). They indicate that certain parts of one monomeric unit are close in space to other parts in another unit of the oligomeric cluster, suggesting a complicated three-dimensional structure. Thus, the major goal of our investigation has been achieved: we have obtained 4, a soluble analogue of the benzylic/aryl diorganylmagnesium la. It turned out that two oligomeric forms 4a and 4b are present in equilibrium in THF solution. The degree of association is not known for sure; an octamer/tetramer equilibrium is the most likely one.
CONCLUSION
1,2-Dihydro-1 -magnesacyclobuta[a]naphthalene (4) was found to be soluble in THF and toluene and therefore could be characterized spectroscopically (NMR, UV). Two forms, 4a and 4b, were found in THF solution. Presumably, 4a has a considerable degree of ionic character as was concluded from UV and NMR spectroscopic data. Compound 4b probably is tetrameric, whereas 4a is a higher associate, most likely an octamer, and therefore it prevails in the solid state and in concentrated solutions. On dissolving in THF, 4a is slowly converted into 4b until an equilibrium is reached with the composition approximately 4 : 3 for 4a: 4b in 0.1 Μ THF solution. This equilibrium is established very slowly (several days at room temperature), but there seems to be a rapid exchange, presumably of monomeric units, between the two oligomers.
